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1
(Evolutionary Algorithm, EA) ,
, (Genetic Algorithm, GA), (Evolution Strategy, ES),
(Differential Evolution, DE)[1, 2] . EA ,
,
, .
, EA , ,
. , , ,
. ,
[3, 4, 5, 6, 7, 8] .





$V$ $E$ $G$ $G(V, E)$ . (proximity graph) ,
$V$ , (Nearest Neighborhood Graph), Gabriel
(Gabriel Graph, GG) [9], (Relative Neighborhood Graph, RNG) $[10]$ , $\beta$-skeleton[ll]
. , 2 $v_{i},$ $v_{j}\in V$ , $v_{i},$ $v_{j}$
$(v_{i}, vj)\in E$ .
Gabriel , $v_{i}$ $v_{j}$ , $v_{i}$ $v_{j}$
. Gabriel $GG(V, E)$ , .
$(v_{i}, v_{j}) \in E\Leftrightarrow HS(\frac{v_{i}+v_{j}}{2},$ $\frac{||v_{i}-v_{j}||}{2})\cap V=\phi$ (1)
, $HS(v, r)$ $v$ $r$ ,
$HS(v, r)=\{x|||x-v||<r\}$ (2)
. 1 . $v_{i},$ $vj$ 2 $v_{k}$
, .
, $v_{i}$ $vj$ $||v_{i}-vj||$ 2
. Gabriel .
$RNG(V, E)$ .
$(v_{i}, v_{j})\in E\Leftrightarrow HS(v_{i}, ||v_{i}-v_{j}||)\cap HS(v_{j}, ||v_{i}-v_{j}||)\cap V=\phi$ (3)




















$\beta$-skeleton (lune-based $\beta$-skeleton) $|$ , $v_{i},vj$ $\beta(\beta\geq 1)$ , (1-
$e_{)v_{i}+}2g_{v}2j$ $g_{v_{i}+(1-}2e_{)v}2j$ $e_{||v_{i}-v||}2j$ 2
.
$(v_{i}, v_{j})\in E\Leftrightarrow$
$HS((1- \frac{\beta}{2})v_{i}+\frac{\beta}{2}v_{j},$ $\frac{\beta}{2}||v_{i}-v_{j}||)\cap HS(\frac{\beta}{2}v_{i}+(1-\frac{\beta}{2})v_{j},$ $\frac{\beta}{2}||v_{i}-v_{j}||)$ $V=\emptyset$ (4)




, Differential Evolution (DE) NGDE(Neighborhood










2 , 1 , 1
. $0$ , $0$ .
4.
, DE . ,
, $F$ $CR$ .
, DE . , ,
, $F$ , $CR$ .
, $F$ , $CR$ . ,
$F$ $CR$ DE .
5.
, . 2. .
32
, $DE/rand/1/\exp$ [3, 7, 8, 12] , NGDE .
NGDE $()$
$\{$
P$=$Generate $N$ individuals $\{x_{i}\}$ randomly; else if $(f(x_{i})>f(Xj))$
$\{$
$Xj\cdot valley++;x_{i}.hill++$ ;Evaluate $x_{i}$ , $i=1,2,$ $\cdots,$ $N$ ;
$\}\}\}\}$for $(t=1;t<T_{\max};t++)$ {
;’/
for $(i=1;i\leq N;i++)$ {
for $(i=1;i\leq N;i++)$ {
switch ( $x_{i}$ ) $\{$
$x_{i}$ . valley$=x_{i}$ . hill$=0$ ;
case . $F’=1;CR’=1$ ;for $(j=i+1;j\leq N;j++)$
$d_{ij}=d_{j_{i}}=x_{i}$ $d(x_{i}, xj)$ ; break;
case : $F’=0.9;CR’=0.95$ ;
$\}$
// break;
case : $F’=0.3;CR’=0.95$ ;for $(i=1;i\leq N;i++)$ {
for $(j=i+1;j\leq N;j++)$ {
break;
case : $p_{1}=i;F’=0.2;CR’=1$ ;for $(k=1;k\leq N;k++)$ {










$(p_{1},p_{2},p_{3})=$select randomly in $[$ 1, $N]\backslash \{i\}$
if $(k>N)\{$ $s.t$ . $p_{j}\neq p_{k}(j, k=1,2,3,j\neq k)$ ;
// : $(x_{i}, Xj)$ $x_{i}^{new}=x_{i}\in P$ ;
if $(f(x_{i})<f(x_{j}))\{$ $j=select$ randomly from







j $=$ (j $+$ l)%n;
$k++$ ;
$\}$ while $(k\leq n \ \ u(O, 1) <CR’)$ ;
//
if $(f(x^{new})\leq f(x_{i}))x_{i}=x^{new}$ ;
$\}\}\}$
, $x_{i}$ .hill, $x_{i}$ .vallay $x_{i}$ , .
33
, 4 , , , , , .
, . , $x_{i}$ .valley$>0$ $x_{i}$ .hill$=0$
.











, . , $n$ .. $fi$ :Sphere
$f(x)= \sum_{i=1}^{n}x_{i}^{2},$ $-5.12\leq x_{i}\leq 5.12$ (5)
, $(0,0, \cdots, 0)$ $0$ .. $f_{2}$ : Rosenbrock
$f(x)= \sum_{i=2}^{n}\{100(x_{1}-x_{i}^{2})^{2}+(x_{i}-1)^{2}\}$ , $-2.048\leq x_{i}\leq 2.048$ (6)
, $($ 1, 1, $\cdots,$ $1)$ $0$ .. $f_{3}$ : ill-scaled Rosenbrock
$f(x)= \sum_{i=2}^{n}\{100(x_{1}-(ix_{i})^{2})^{2}+(ix_{i}-1)^{2}\}$, $-2.048i\leq x_{i}\leq 2.048i$ (7)
, $(1, \frac{1}{2}, \cdots, \frac{1}{n})$ $0$ .
187
. $f_{4}$ : Rastrigin
$f(x)=10n+ \sum_{i=1}^{n}\{x_{i}^{2}-10\cos(2\pi x_{i})\}$ , $-5.12\leq x_{i}\leq 5.12$ (8)
, $(0,0, \cdots, 0)$ $0$ .
41 $n=2$ $fi,$ $f_{2},$ $f_{4}$ . , 1 [13].







$n=30$ , $fi$ $f_{4}$ . DE , $N=50,$ $F$ $CR$
(0.7, 0.95) (0.5, 0.5) 2 , 20 , .
$2n$ $10n$ , . ,
, [13] , (1) $1.0\cross 10^{-7}$ , (2) $f_{i}$ $f_{2}$
$2n\cross 10^{5},$ $f_{3}$ $5n\cross 10^{5},$ $f_{4}$ $3n\cross 10^{5}$ , .
, NGDE , Gabriel $(\beta=1)$ .
43
2 . $”<1e-7$”, eval,
$($% $)$ succ, DE(0.7, 095) ratio,
reduced .
DE , $f_{i},$ $f_{4}$ , $(F, CR)=(O.5,0.5)$ .
, $f_{2},$ $f_{3}$ , $(F, CR)=(O.7,0.95)$ , $(05,05)$
.
NGDE , , $(F, CR)=(O.5,0.5)$
. , ( ) , ( ) ,
188
2:
, $F,$ $CR$ , $F$ $CR$ ,
$F=0.5,CR=0.5$ .
, 5 8 . ,
. $fi$ , NGDE(0.5,0.5) , DE(0.5,0.5)
. NGDE(0.7,0.95) , DE(0.7,0.95) . $f_{2},f_{3}$
. NGDE(0.5,0.5) , NGDE(0.7,0.95) . DE(0.7,0.95)
, DE(05,05) . $f_{4}$ , DE(05,05)









7: $f_{3}$ 8: $f_{4}$
$f_{2},$ $f_{3}$ , 1 , , 5 . ,
3 5 . , , , 7
. , 25 , 10 .
, $A$ $a$ , ,
. $f_{2},$ $f_{3}$ , $(0,0, \cdots, 0)$ ,
$($ 1, 1, $\cdots,$ $1)$ . ,
, .
$f_{4}$ , 1 , , 2 10 , 25






















15: $f_{3}$ $(F=0.5,CR=0.5)$ 16: $f_{4}$ $(F=0.5,CR=0.5)$
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